The worldwide dependence on electricity to support the needs of today's society is often taken for granted and, as such, the hazards associated with the termination of electrical services are often neglected. Whether electrical services are unintentionally terminated as the result of severe weather or intentionally terminated as the result of nonpayment of utility bills, the ensuing conditions may lead to injury or death in affected individuals.
T he use of electricity has become so ubiquitous throughout the world that it has gone from a luxury to a necessity. Today's society is dependent on the use of electrical power for lighting, heat, air conditioning, cooling and refrigeration, and the operation of medical equipment. Electricity is so readily accessible from power companies that the dangers of being without it are often overlooked. The interruption of electrical service can be unintentional (resulting from storms or weather events) or intentional (resulting from the termination of services for the nonpayment of electric bills). Termination by either means can lead to individuals seeking alternative methods of controlling ambient conditions or, alternatively, coping with the environmental conditions that result. These actions can lead to injury and, on occasion, death.
MATERIALS AND METHODS
We report a series of fatalities resulting from the termination of electrical services that were investigated by the Onondaga County Medical Examiner's Office between 1999 and 2004. The medical examiner's office serves a population of approximately one million, and during the study period approximately 4100 deaths came under the jurisdiction of the medical examiner. The reported cases were obtained by retrospectively searching the Onondaga Medical Examiner's Office case database for causes of death that included hypothermia, hyperthermia, carbon monoxide, fire, electrocution, and/or electricity. Further review of these cases found a total of 7 deaths associated with the termination of electrical services, which we present in the hope of raising awareness to the potential hazards of loss of electricity while also exploring power companies' policies and public health law relating to termination of service.
RESULTS

Cases 1 and 2
A 25-year-old woman and her 13-year-old son were found deceased in their home. Two days prior an ice storm terminated electrical service to the home and the following day the homeowner employed a borrowed gasoline-powered generator to power the refrigerator and electrical heater. On the night before the deaths, the homeowner was out of the home for approximately 3.5 hours and on his return he found his wife deceased in the basement near the generator and the son on the main floor in the living room located in the central portion of the home. The family hamster and dog were also killed, however, 3 other children who were also in the living room, but further away from the generator, survived with carboxyhemoglobin levels between 4.4% and 14.5%. Autopsy examination of the mother and child revealed only cerebral edema, however toxicology testing on postmortem femoral blood revealed carboxyhemoglobin levels of 44% and 48%, respectively. There were no additional functionally important toxicologic findings. The cause of death in both of these accidental deaths was determined to be carbon monoxide toxicity due to an inadequately ventilated generator as the result of a power outage from a storm.
Case 3
A 53-year-old male with a medical history significant for obesity, severe obstructive sleep apnea, hypercholesterolemia, and cigarette smoking was found by his wife expired on the floor of his home after he was witnessed to wake-up during the night and vomit, and was subsequently heard to collapse. Approximately 2 days prior, the electrical service to the home had been terminated as the result of a thunderstorm and the decedent had been unable to use his constant airway positive pressure medical device on the 2 preceding nights and on the night of his death. Postmortem examination revealed a moderately obese male (BMI ϭ 35.5). There were no functionally important toxicologic findings. The cause of this natural death was determined to be atherosclerotic cardiovascular disease.
Case 4
An 80-year-old female with a medical history significant for cardiac disease, hypertension, and noninsulin dependent diabetes mellitus was found deceased in her home during a status check. She was last seen alive approximately 48 hours before being found and approximately 36 hours before her being found there had been a 4-hour power outage as the result of a thunderstorm. The local maximum temperatures for the 3 preceding days was between 91°F and 93°F 1 with heat indices ranging from 112°F to 116°F. 2 The temperature in the residence was 94°F upon entering the home and the air conditioner was off. Autopsy examination revealed severe mitral valve disease with calcifications and associated cardiac hypertrophy and dilatation (heart weight, 620 g). The cause of this accidental death was determined to be valvular heart disease that was contributed to by environmental hyperthermia.
Case 5
A 79-year-old female with a medical history significant for severe chronic obstructive lung disease was found deceased in her secure home 6 days after her electrical services were terminated for nonpayment of bills. She was last known to be alive approximately 1 week before being found. There had been a heat wave 2 days before her discovery (heat indices 94°F and 109°F) 1,2 and the indoor temperature of her apartment was 92°F at the time of discovery. Autopsy examination revealed fixed livor mortis, loss of rigor mortis, and green discoloration of the cutaneous aspects of the lower abdomen. Internal examination showed severe centrilobular emphysema. The cause of this accidental death was determined to be environmental hyperthermia that was contributed to by her chronic obstructive pulmonary disease and the recent termination of electrical services.
Case 6
An 86-year-old female with a medical history significant for cardiac disease and diabetes mellitus who lived with her daughter was the victim of a house fire. The family was using candles to light their home because the electrical services had been terminated 1 day prior due to nonpayment of bills. The fire was determined to have started from a candle. Autopsy revealed extensive full-thickness cutaneous thermal injuries involving 30%-40% body surface area and evidence of smoke inhalation. An elevated carboxyhemoglobin level of 31% was also found. No additional functionally important toxicologic findings were present. Natural disease consisted of mild systemic atherosclerosis and hypertension. The cause of this accidental death was determined to be carbon monoxide toxicity and thermal injuries resulting from a house fire due to candle use as the result of termination of electrical services. Contributing to her death was atherosclerotic and hypertensive cardiovascular disease.
Case 7
A 28-year-old male with no known medical history who lived with his brother was the victim of a house fire. He expired after a 4-day burn unit hospitalization. The 2 men had been lighting their house with candles because their electrical services had been terminated 8 days prior due to nonpayment. The fire was determined to have started from a candle. Postmortem examination revealed full-thickness cutaneous thermal injury involving approximately 4% body surface area. Clinically, there was evidence of inhalation injury manifested by soot in the nostrils and upper airways in addition to adult respiratory distress syndrome. Testing of hospital admission specimens revealed a carboxyhemoglobin level of 39% and an ethyl alcohol level of 0.09 g/dL. The cause of this accidental death was determined to be complications of inhalation injuries as the result of a house fire.
DISCUSSION
Deaths resulting from the termination of electrical services are a relatively uncommon occurrence. This termination can be unintentional, as the result of power outages related to storms or inclement weather, or intentional, as the end result of nonpayment of bills. We describe 4 deaths associated with the unintentional termination of electrical service and 3 deaths associated with its' intentional termination. In the 4 cases of unintentional termination, the underlying cause of power interruption was related to weather/storms and the resulting deaths can therefore be considered weather-related. In the United States in 2003, there were a total of 438 fatalities caused by severe weather, below the 10 year annual average (1994 -2003) of 521. 3 Severe weather includes floods, hurricanes, convection events (lightning, tornado, hail, and thunderstorm winds), extreme temperatures, winter storms, and other natural events. Specific information regarding cause of death of the individual victims of such weatherrelated deaths is not available on a national level, however more in-depth studies have been reported in relation to specific weather events. As an example, in a report of stormrelated mortality in Central Texas in 1998, 29 deaths were determined to be directly related to the storms. Twenty-four (83%) of these were caused by drowning, 3 (10%) due to multiple trauma, 1 (3%) due to hypothermia, and 1 (3%) resulting from a cardiac arrhythmia while being trapped in a water crossing. 4 Numerous similar reports relating to specific weather events exist including extensive data on heat related mortality throughout the United States. [5] [6] [7] A more in-depth report of mortality associated with Hurricane Andrew also describes what are considered direct and indirect deaths. 8 Of 15 deaths directly related to the storm, 8 (53%) were the result of blunt trauma, 4 (27%) were due to mechanical asphyxia (the result of an external force/ pressure on the chest and abdomen restricting respiratory movements and inspiration), 9 and 3 (20%) due to drowning. The report also describes additional deaths indirectly related to the weather event, further separating them into indirect deaths (15) and delayed indirect deaths. The majority of indirect deaths were cardiovascular in origin and occurred within 2-weeks of the storm in individuals performing activities that can be indirectly related to the storm event. The delayed indirect deaths included motor vehicle collisions, falls, fires, and other accidental or nonintentional injuries. Some of these delayed deaths likely related to termination of electricity (ie, a fatal motor vehicle collision as the result of nonfunctioning traffic signal) but this was not explicitly stated. With the recent mortality associated with Hurricanes Rita and Katrina, more data regarding storm and/or weather related deaths is likely to include indirect deaths resulting from the termination of electrical services. Specifically, the Georgia Division of Public Health has set up an on-line database to track Hurricane Katrina fatalities with specific regard to the direct or indirect relation to the storm events. 10 In our report, of the 4 deaths attributed to unintentional termination of electrical services, all would be considered indirect deaths. Two of these represent underlying natural disease that was exacerbated by changes in ambient conditions as the result of lack of electricity (Cases 3 and 4). The remaining 2 are examples of a significant complication associated with lack of electricity and/or heat (Cases 1 and 2). In these latter 2 cases, carbon monoxide toxicity resulted from the use of an inadequately ventilated generator. In 2001 there were 130 deaths attributed to unintentional (accidental) nonfire carbon monoxide poisoning associated with consumer products. The majority of these were associated with heating systems, however a combined 25% were associated with either engine-powered tools or multiple appliances, many of which involved generators. 11 The importance of this situation is punctuated in a 2003 release from the US Consumer Product Safety Commission and Federal Emergency Management Association warning of the risks of carbon monoxide poisoning with the use of gasoline-powered generators. 12 The other 3 deaths we describe are the consequence of the intentional termination of electrical services. Two of these were the result of house fires while the third was caused by environmental hyperthermia. Hyperthermia is defined as an elevated core body temperature of 105°F (40.5°C). 13 The National Association of Medical Examiners has established criteria for diagnosing heat-related deaths and deaths due to hyperthermia. 14 These define a "heat-related death" as a death in which exposure to high ambient temperature either caused or significantly contributed to the death. The establishment of causation is based on a history of exposure to high ambient temperature to the reasonable exclusion of other causes of hyperthermia and other independent causes of death. Because autopsy findings in heat-related deaths are nonspecific (with the exception of an ante mortem body temperature greater than 105°F), the diagnosis is based principally on investiga-tive information. Numerous reports in the forensic literature have described heat-related deaths, however, few have specifically addressed deaths resulting from the termination of electrical services. 15, 16 A single report describes a 37-yearold male who died of environmental hyperthermia after a power failure occurred in is home resulting in an ambient temperature of greater than 90°F. 17 This and other works also address significant risk factors to heatstroke and heat-related deaths. One of the most significant is antipsychotic medication use and the associated anticholinergic side effects. Additional risk factors include alcoholism and living on the higher floors of a multistory building. 18, 19 The intentional termination of electrical services in the illustrative cases is the end result of nonpayment of electrical bills. The potentially life-threatening consequences of being without electricity coupled with the high incidence of electrical bill nonpayment have led to the creation of state legislation pertaining to this issue. In 1981, New York State enacted the Home Energy Fair Practices Act as part of Article 2 of the Public Service Law (PSL). 20 -22 This consists of a set of statutory rights and protections for residential electric and gas customers, which includes sections on termination of services. In summary, utility services may be terminated under the following circumstances: (a) if a person fails to pay for any service rendered during the preceding 12 months (or in excess of 12 months under specific conditions); or (b) if a person fails to pay amounts due under a deferred payment plan; or (c) if a person fails to pay or agree in writing to pay equipment and installation charges related to initiation of service; or (d) in an emergency situation threatening the health or safety of a person. With the exception of emergency situations, the utility provider must send a final notice of termination no less than 15 days before the termination date stated on the notice. The notice must clearly state the underlying reason for termination, how the termination may be avoided, and a summary of protections available under the Article. Interestingly, there are provisions to safeguard from termination residents who will suffer impairments to health and/or safety. To access these, however, written certification from a physician or local board of health must be obtained. Additional special situations pertain to the elderly (62 or older), blind, and disabled such that telephone or personal contact with the individual must be made at least 72 hours before termination of services. Specific guidelines also are in place for multiple and 2 family dwellings as well as for cold weather periods and similar general guidelines exist in both Florida and California. 23, 24 In our cases, the utility companies providing service documented their adherence to the rules governing termination of said services. However, in 2 situations, the decedents would be considered elderly by the Home Energy Fair Practices Act definition and one of these cases would fall under the "special procedures" relating to the elderly. This would require the utility to make a diligent effort to contact the resident by telephone or in person at least 72 hours before termination of services. Whether this was performed or not is not known as no documentation to that fact was provided. That being said, in addition to a disconnect notice before terminating services, the utility company also provides a summary of rights and responsibilities which outlines, among other rights, the special procedures for the elderly and medical emergencies.
Functioning in today's world without electricity is certainly not a simple task. To most, losing electrical service would be a significant inconvenience, however, to specific groups of individuals it is a potentially life-threatening event. Those at greatest risk to the consequences of loss of electricity include the elderly, very young, those requiring antipsychotic medications, and those with specific medical conditions and/or medical equipment that require electricity. Interestingly, these same individuals may be faced with difficulties in paying their utility bills and therefore are also at greater risk for having services terminated as the result of nonpayment. This issue is likely to be magnified by increasing energy costs including the projected 5-percent rise in residential electricity prices for 2006. 25 The relationship of these issues has, to some extent, been highlighted by public policy. In New York and other states, Public Service Law attempts to safeguard against termination of utilities and offers specific guidelines and options for those individuals most at risk. Our case examples illustrate, however, that even if these guidelines are followed, many individuals remain susceptible and fatalities do occur.
Although systems are in place to regulate the process of termination of electrical services and the termination is generally executed as set forth by these regulations, pitfalls still remain. Those areas of the HEPFA pertaining to "special situations" are indeed the groups of individuals at greatest risk should they lose electrical services. Although the utility company in our cases provides information regarding individuals who qualify for these special situations as part of a Summary of Your Rights and Responsibilities provided with a disconnect notice, little else is done. This is not to say that it is the responsibility of the utility company to ensure the safety of all those at risk for losing electrical services for nonpayment, but rather efforts could be made to inform at risk individuals before the impending termination of services. Similarly, efforts from policy makers could be implemented to make the public more aware of their options pertaining to utility services and payment options, specifically with regard to those groups at greatest risk.
